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I. INTRODUCTION 

Unlike the fresh fuel approach, which assumes the initial isotopic compositions for 
criticality analyses, any burnup credit methodology must address the proper treatment of 
axial burnup distributions. A straightforward way of treating a given axial burnup 
distribution is to segment the fuel assembly into multiple meshes and to model each 
burnup mesh with the corresponding isotopic compositions. Although this approach 
represents a significant increase in modeling efforts compared to the uniform average 
burnup approach, it can adequately determine the reactivity effect of the axial burnup 
distribution. A major consideration is what axial burnup distributions are appropriate for 
use in light of many possible distributions depending on core operating conditions and 
histories. 

This paper summarizes criticality analyses performed to determine conservative axial 
burnup distributions. The conservative axial burnup distributions presented in this paper 
are included in the Topical Report on Actinide-Only Bumup Credit for  Pressurized Water 
Reactor Spent Nuclear Fuel Packages', Revision 1 submitted in May 1997 by the U.S. 
Department of Energy (DOE) to the U.S. Nuclear Regulatory Commission (NRC). When 
approved by NRC, the conservative axial burnup distributions may be used to model 
PWR spent nuclear fuel for the purpose of gaining actinide-only burnup credit. 

11. ANALYSIS 

The majority of PWR assemblies can be well represented by a relatively flat axial profile 
at the fuel mid-section and significantly under-burned fuel ends. Some assemblies 
exposed to axial power shaping rods or control rods during depletion could exhibit 
somewhat different axial burnup distributions, but these are aberrations. To reflect the 
realistic axial burnup distributions, a database containing 3169 axial burnup profiles of 
three PWR vendors (Westinghouse, Combustion Engineering, Babcock and Wilcox) and 
five fuel types ( W 15x15, W 17x17, CE 14x14, CE 16x16, B&W 15x15) has been 
compiled.' This database represents 105 cycles and covers a range of assembly average 
burnup from slightly over 3 GWd/MTU to 53.3 GWd/MTU and an enrichment range 
from 1.24 w/o to 4.75 w/o U-235. This database includes early cycle data through cycle 
data from the mid-1990's and represents fuel assemblies under different operating 

a 



DISCLAIMER 

This report was prepared as an account of work sponsored by an agency of the 
United States Government. Neither the United States Government nor any agency 
thereof, nor any of their employees, makes any warranty, express or implied. or 
assumes any legal liability or responsibility for the accuracy, completeness, or use- 
fulness of any information, apparatus, product, or process disclosed, or represents 
that its use would not infringe privately owned rights. Reference herein to any spe- 
cific commercial product, proccss, or service by trade name, trademark, manufac- 
turer, or otherwise does not necessarily constitute or imply its endorsement, m m -  
mendation, or favoring by the United States Government or any agency thereof. 
The views and opinions of authors expressed herein do not necessarily state or 
reflect those of the United States Government or any agency thereof. 



1 i 

histories and fuel management practices. The axial burnup profiles were obtained from 
actual core design calculations typically performed as part of reactor-specific core reload 
analyses. The axial burnup profiles are reported as normalized values at 18 equal-size 
axial zones. 

The bounding profile analysis3 sorted all qualifying axial burnup profiles in the database 
into 12 burnup groups and determined the limiting axial burnup profile in each burnup 
group. These limiting profiles are listed in Table 1. However, the bounding profile 
analysis did not separate the burnup effects from the profile effects. In other words, it is 
not known whether profile 1 is more limiting than profile 12. To determine the profile 
rankings across different burnup groups, a constant burnup has to be assumed regardless 
of the actual burnups. 

The multiplication factors of an infinite array of Westinghouse 17x17 assemblies have 
been determined applying the axial burnup distributions in Table 1. SCALE 4.Z4 code 
system has been used for criticality analysis and the burnup was assumed to be 18 
GWd/MTU for all cases. Table 2 shows the results. Comparison of Tables 1 and 2 
indicates that, in general, the lower the burnup at the top of the assembly, the larger is the 
multiplication factor. Profile 9, with the lowest burnups at the top two nodes due to the 
fuel depletion with a control rod inserted at the top of the core, produces the largest 
multiplication factor. The multiplication factor corresponding to profile 9 is about 3% 
higher than that of profile 4. Also apparent in Table 2 is that the multiplication factors 
decrease gradually as burnup increases. This result is consistent with the fact that a 
highly under-burned fuel top due to rodded depletion in an earlier cycle experiences a 
higher burnup in later cycles. 

Based on results shown in Table 2, conservative axial burnup distributions to be used for 
PWR spent nuclear fuel modeling can be determined. Profiles 9 and 8 are most limiting 
in the burnup ranges of 0 to 18 GWd/MTU and 18 to 30 GWdMTU, respectively. 
Profile 5 is most limiting for burnups greater than 30 GWd/MTU. These burnup group 
boundaries approximately correspond to the nominal assembly burnups expected after 
one and two depletion cycles. The conservative axial burnup distributions are shown in 
Figure 1. 

111. CONCLUSION 

A set of conservative axial burnup distributions to be used with the actinide-only burnup 
credit methodology is determined from a compiled database. Fuel assemblies with lower 
burnup at the top generally exhibit higher multiplication factors. With the use of 
conservative axial burnup distributions determined from a large database, bounding 
treatment of PWR spent nuclear fuel is assured for criticality analyses. 
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Table 1. Limiting Axial Burnup Distributions for Each Burnup Group3 



Table 2. Criticality Rankings for Limiting Axial Burnup Distributions 

Profile and Burnup Group Infinite Array kef 
(GWd/MTU) (at 18 GWd/MTU) 

Profile 1 (246) 1.29085 

Profile 2 (42 - 46) 1.29145 
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Figure 1. Conservative Axial Burnup Distributions for Actinide-Only Burnup Credit 
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